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(54) Damping force control valve and shock absorber using the same

(57) The presentinvention relates to a damping force
control valve and a shock absorber using the same. The
present invention is conceived to solve the aforemen-
tioned problems in the prior art. An object of the present
invention is to provide a damping force control valve,
which has an improved inner channel so that a damping
force is operated in a middle mode when an electric or
mechanical trouble causes a shock absorber to be out
of order or malfunction, and a shock absorber using the
same. According to the present invention, there is pro-
vided a damping force control valve, which includes a
high pressure region in communication with a tension
chamber of a cylinder and a low pressure region in com-
munication with a reservoir chamber, and controls a
damping force by adjusting pressure of a pilot chamber
by first and second variable orifices, the first and second
variable orifices having channels controlled to open or
close by a spool. The damping force control valve com-
prises a main valve opened or closed according to pres-
sure of the high pressure region, initial preload and pres-
sure of the pilot chamber, the main valve allowing working
fluid to flow from the high pressure region to the low pres-
sure region when being opened; a first fixed orifice
formed between the high pressure region and the first
variable orifice; and a back pressure forming channel for
making the first fixed orifice and the pilot chamber com-
municate with each other and controlling the pressure of
the pilot chamber when the spool closes a channel con-
necting the high pressure region and the pilot chamber.

[Fig. 4]
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Description
BACKGROUND OF THE INVENTION

1. Field of Invention

[0001] The present invention relates to a damping
force control valve and a shock absorber using the same,
and more particularly, to a damping force control valve
having an orifice installed to an inlet of a pilot channel to
give a high-speed damping force when a shock absorber
is operated in a soft mode, and a shock absorber using
the same.

2. Description of the Prior Art

[0002] Generally, a shock absorber of a vehicle is in-
stalled to a moving means such as a car, and thus, ab-
sorbs or buffers vibrations or shocks transferred from
road wheels in contact with a road surface.

[0003] This shock absorber can improve the ride com-
fort by lowering a damping force and thus absorbing vi-
brations caused by unevenness of a road surface when
a vehicle is ordinarily running, and enhance the handling
stability by raising a damping force and thus restraining
posture change of the vehicle body when the vehicle
turns, accelerates, brakes or runs at high speed.
[0004] Meanwhile, in order to improve the ride comfort
and handling stability, a shock absorber is recently pro-
vided with a damping force control valve mounted to one
side thereof so as to suitably adjust a damping force, so
that it is developed up to a damping force control shock
absorber capable of suitably controlling a damping force
according to a road surface state a the running state.
[0005] In general, most of conventional damping force
control shock absorbers control a damping force in an
actuator manner, and are mainly classified into a reverse
type and a normal type depending on a damping force
control method.

[0006] The aforementioned damping force control
shock absorber is configured to increase or decrease
both rebound and compressing damping forces at the
same time according to an actuator current. For example,
the conventional damping force control shock absorber
controls a damping force in rebound and compression
strokes in a soft mode by application of a certain actuator
current, and also controls the damping force in a hard
mode by application of a higher actuator current. Such
damping force control is realized in such a manner that
a spool moving according to the actuator operation con-
trols back pressure formation in and adjustment of a pilot
chamber formed in the rear of the damping force control
valve.

[0007] FIG. 1 is a sectional view showing a conven-
tional damping force control valve of a shock absorber.
[0008] A conventional damping force control valve 10
includes a spool rod 20 installed to an upper portion of
an actuator 15 and having a plurality of channels allowing
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fluid communication, and a spool 25 installed to the spool
rod 20 and operated by the actuator 15 to open and close
each channel, as shown in FIG. 1.

[0009] In addition, a first ring disk 32 acting as a fixed
orifice is installed to the spool rod 20, and a lower retainer
34 having a communication port 34a allowing fluid flow
is installed to an upper portion of the first ring disk 32.
[0010] Also, a second ring disk 36 acting as a main
valve is installed to an upper portion of the lower retainer
34. The second ring disk 36 partitions a pilot chamber 45
formed in the upper portion of the lower retainer 34 from
a high pressure region Ph. In addition, an upper retainer
38 having a communication port 38a allowing fluid flow
is installed over the lower retainer 34.

[0011] Then, a nut 27 is coupled to the spool rod 20 to
join the lower retainer 34 and the upper retainer 38.
Meanwhile, a spring 23 is interposed between one end
of the spool rod 20 and the spool 25, so that the spool
25 is brought into close contact with to the actuator 15.
[0012] The spool 25 has a hollow portion (not shown)
and a plurality of vertically stepped outer diameters.
Here, an upper spool slit 25a and a lower spool slit 25b
are defined by the stepped outer diameters of the spool
25. At this time, the upper spool slit 25a is formed to be
larger than the lower spool slit 25b, so that when the
spool 25 reciprocates, the area change of the upper spool
slit 25a with respect to the communication ports 21 a, 21
b and 21 c of the spool rod 20 is greater than that of the
lower spool slit 25b with respect to the communication
port 34a of the spool rod 20.

[0013] Referring to FIG. 2, which is a schematic hy-
draulic circuit diagram showing a channel in the conven-
tional damping force control valve, the operation of the
conventional damping force control valve 10 so config-
ured will be explained.

[0014] As mentioned above, the damping force control
valve 10 includes a first channel Qm having a main valve
Km, a second channel Qr having a first variable orifice
Kr, and a third channel Qc having a second variable or-
ifice Kv and a fixed orifice Kc.

[0015] Inthe dampingforce control valve 10, the move-
ment of the spool 25 controls the flow of the fluid that
moves from a high pressure region Ph to a low pressure
region Pl. When the spool 25 moves as mentioned above,
open areas of the first variable orifice Kr and the second
variable orifice Kv are varied.

[0016] At this time, the first variable orifice Kr has an
area change ratio greater than that of the second variable
orifice Kv, and allows fluid to flow from the high pressure
region Ph to the low pressure region PI. Here, the area
of the first variable orifice Kr is decreased as that of the
second variable orifice Kv is increased, while the area of
the first variable orifice Kr is increased as that of the sec-
ond orifice Kv is decreased.

[0017] The first channel Qm determines a valve char-
acteristic in a middle high speed range of the soft/hard
mode and has a spring preload in the form of a relief
valve. Also, the pilot chamber 45 is formed in a rear sur-
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face of the valve and thus its pressure determines a valve
opening pressure, thereby making the damping force
control possible.

[0018] In addition, the main valve Km is opened at dif-
ferent pressures according to a pressure Pc of the pilot
chamber 45. The pressure Pc of the pilot chamber 45 is
formed by the operation of the second variable orifice Kv
installed in an upstream of the third channel Qc and the
fixed orifice Kcinstalled in a downstream. Thus, the pres-
sure of the pilot chamber 45 increases by controlling the
area of the second variable orifice Kv, whereby the damp-
ing force characteristic is converted into the hard mode.
[0019] At this time, the sectional area of the second
variable orifice Kv is decreased as that of the first variable
orifice Kr is increased, while the sectional area of the
second variable orifice Kv is increased as that of the first
variable orifice Kr is decreased.

[0020] In addition, the second channel Qr determines
a low-speed damping force characteristic in the soft
mode, and its area is changed by the first variable orifice
Kr to determine a damping force.

[0021] Also, the third channel Qc is configured such
that the second variable orifice Kv is installed to its inlet
and the fixed orifice Kc is installed to its exit so as to form
a pressure of the pilot chamber 45.

[0022] In a case where the damping force character-
istic formed in such a structure is the soft mode, if a pre-
determined current is applied to the actuator 15, the area
of the first variable orifice Kr is increased to lower a low-
speed damping force, and at the same time, the channel
of the second variable orifice Kv is closed to lower the
pressure of the pilot chamber 45, so that the main valve
Km is opened at a low pressure.

[0023] Inthe meantime, in a case where the damping
force characteristic is the hard mode, if a high current is
applied to the actuator 15, the spool moves upward to
close the first variable orifice Kr and open the second
variable orifice Kv, thereby increasing the opening pres-
sure of the main valve Km and thus increasing a damping
force.

[0024] Meanwhile, in the conventional damping force
control valve 10 and the shock absorber using the same,
when an electric or mechanical trouble causes a system
malfunction to occur and thus a current is not input to the
damping force control valve 10, the damping force char-
acteristic is fixed to the soft mode. If a steering wheel is
excessively turned when the damping force control shock
absorber is operated in the soft mode, the vehicle can
overturn. In order to solve this problem, it is suggested
in U.S. Patent No. 6,000,508 (December 4, 1999) that a
restoring means such as a spring is installed to a general
pilot control damping valve and a spool moves by the
elasticity of the spring so that a shock absorber can be
operated in a middle mode having a damping force in a
middle level.

[0025] However, in the conventional damping force
control valve and the shock absorber using the same,
the installation of the restoring means for restoring the
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spool causes the product size to be increased. In addi-
tion, the restoring force of the restoring means is operated
even in a normal operation, thereby disturbing rapid con-
trol of the damping force. Thus, there is a need for de-
veloping a shock absorber capable of controlling a damp-
ing force in a middle mode without installing any addi-
tional restoring means to the shock absorber.

SUMMARY OF THE INVENTION

[0026] Accordingly, the presentinvention is conceived
to solve the aforementioned problems in the prior art. An
object of the present invention is to provide a damping
force control valve, which has an improved inner channel
so that a damping force is operated in a middle mode
when an electric or mechanical trouble causes a shock
absorber to be out of order or malfunction, and a shock
absorber using the same.

[0027] According to an aspect of the present invention
forachieving the object, there is provided adamping force
control valve, which includes a high pressure region in
communication with a tension chamber of a cylinder and
a low pressure region in communication with a reservoir
chamber, and controls a damping force by adjusting pres-
sure of a pilot chamber by first and second variable ori-
fices, the first and second variable orifices having chan-
nels controlled to open or close by a spool. The damping
force control valve comprises a main valve opened or
closed according to pressure of the high pressure region,
initial preload and pressure of the pilot chamber, the main
valve allowing working fluid to flow from the high pressure
region to the low pressure region when being opened; a
firstfixed orifice formed between the high pressure region
and the first variable orifice; and a back pressure forming
channel for making the first fixed orifice and the pilot
chamber communicate with each other and controlling
the pressure of the pilot chamber when the spool closes
a channel connecting the high pressure region and the
pilot chamber.

[0028] Here, the back pressure forming channel pref-
erably includes a first safe orifice formed in the spool and
connected to the first fixed orifice, and a second safe
orifice connected to the pilot chamber. In addition, the
back pressure forming channel may be open when a cur-
rent supplied to an actuator for operating the spool is
intercepted, thereby generating a middle damping force
in the pilot chamber.

[0029] In addition, according to another aspect of the
present invention, there is provided a shock absorber, to
which the aforementioned damping force control valve
is installed to control a damping force.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other objects, features and ad-
vantages of the present invention will become apparent
from the following description of a preferred embodiment
given in conjunction with the accompanying drawings, in
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which:

FIG. 1 is a sectional view showing a conventional
damping force control valve of a shock absorber;
FIG. 2is a schematic hydraulic circuit diagram show-
ing a channel in the conventional damping force con-
trol valve;

FIG. 3 is a sectional view showing a shock absorber
having a damping force control valve according to
the present invention;

FIGS. 4 to 6 are views showing the operating state
of the damping force control valve according to the
present invention;

FIG. 7 is a graph showing a damping force charac-
teristic of the damping force control valve according
to the present invention; and

FIG. 8is a schematic hydraulic circuit diagram show-
ing a channel in the damping force control valve ac-
cording to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0031] Hereinafter, a preferred embodiment of the
present invention will be described in detail with refer-
ence to the accompanying drawings.

[0032] FIG. 3 is a sectional view showing a shock ab-
sorber having a damping force control valve according
to the present invention.

[0033] As shown in FIG. 3, a shock absorber 50 ac-
cording to the present invention includes a cylinder 52
which is formed to have predetermined length and diam-
eter and of which the lower end is connected to an axle,
and a piston rod 54 which is installed to be linearly mov-
able in the cylinder 52.

[0034] Here, the cylinder 52 is filled with working fluid
such as gas or oil, and a base shell 56 is arranged in its
outside. Meanwhile, a rod guide 57 and a body valve 58
are respectively installed to an upper end of the cylinder
52 and a lower end of the base shell 56. In addition, a
piston valve 55 for partitioning the inner space of the cyl-
inder 52 into a tension chamber 60 and a compression
chamber 62 is coupled to the lower end of the piston rod
54 to be capable of reciprocating. Also, an upper cap 59a
and a base cap 59b are respectively installed to upper
and lower portions of the base shell 56.

[0035] Inaddition, areservoir chamber 64 for compen-
sating the volume change in the cylinder 52 according to
the vertical movement of the piston rod 54 is formed be-
tween the cylinder 52 and the base shell 56, and the
reservoir chamber 64 controls the fluid communication
with the compression chamber 62 by means of the body
valve 58.

[0036] Meanwhile, the shock absorber 50 has a damp-
ing force control valve 70 installed to one side of the base
shell 56 so as to control a damping force. In addition, the
shock absorber 50 includes an intermediate tube 68 in-
stalled between the cylinder 52 and the base shell 56 to
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be connected to the compression chamber 62 of the cyl-
inder 52. Also, the damping force control valve 70 has a
high pressure region Ph in communication with the ten-
sion chamber 60 of the cylinder 52 through the interme-
diate tube 68, and a low pressure region Pl in communi-
cation with the reservoir chamber 64.

[0037] FIGS. 4 to 6 are views showing the operating
state of the damping force control valve according to the
presentinvention, and FIG. 7 is a graph showing a damp-
ing force characteristic of the damping force control valve
according to the present invention. Referring to the fig-
ures, the damping force control valve will be described
below.

[0038] The above damping force control valve 70 has
a plurality of channels therein and a spool 85 arranged
on the same axis as a pressing rod 76 of an actuator 75
to be linearly movable in cooperation with the pressing
rod 76. The spool 85, which is to move along a spool rod
80, has one end in contact with the pressing rod 76 and
the other end elastically supported by a compression
spring 83. Thus, the spool 85 moves forward by means
of the press of the pressing rod 76, and moves back by
means of a restoring force of the compression spring 83.
According to this embodiment, the actuator 75 moves
the pressing rod 76 according to an input current value.
That is, the actuator 75 changes the channels to set a
damping force characteristic in a soft mode when a rel-
atively low current value (e.g., 0.6A) is applied thereto
and in a hard mode when a relatively high current (e.g., .
1.6A) is applied thereto.

[0039] Also, the spool rod 80 is formed in its center
with a hollow portion into which the spool 85 is to be
inserted, and is formed with a plurality of ports 81 a, 81b
and 81 c in a radial direction so that the hollow portion
of the spool rod 80 is connected to the outside thereof.
In addition, the spool 85 has a plurality of stepped outer
diameters in a vertical direction, in the upper portion of
which an upper spool slit 85a connected to the hollow
portion of the spool rod 80 is formed, and in the lower
portion of which a lower spool slit 85b is formed. Also,
the spool 85 defines the inner channels by means of the
interaction with the spool rod 80, so that the upper spool
slit 85a or the lower spool slit 85b communicates with the
communication ports 81a, 81b or 81c.

&9l biE

[0040] As mentioned above, only one actuator 75 is
sufficient to control the spool 85, and the spool 85 is ac-
tuated by the actuator 75 to control a first variable orifice
Kvr and a second variable orifice Kcr formed by the com-
munication ports of the spool rod 80 and the spool 85.Al-
so, a first ring disk 82 is fitted around the spool rod 80,
and a lower retainer 84 is coupled to an upper portion of
the spool rod 80 to fix the first ring disk 82. In addition,
an inflow chamber 92 controlled by the first ring disk 82
is defined in a lower portion of the lower retainer 84, and
a pilot chamber 95 is defined in an upper portion thereof.
Also, a communication port 84a for allowing the fluid flow
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between the inflow chamber 92 and the pilot chamber 95
is formed in the lower retainer 84.

[0041] In addition, a plurality of slits 82a are formed in
the circumference of the first ring disk 82, and a second
fixed orifice Kc is formed in the first ring disk 82 so as to
regularly discharge the fluid of the pilot chamber 95
through the slits 82a. Here, the first ring disk 82 may be
formed of a membrane having a disk shape.

[0042] The second fixed orifice Kc communicates with
a first fixed orifice Kr when the second variable orifice
Kcr communicating with the pilot chamber 95 is opened.
The second fixed orifice Kc controls the working fluid dis-
charged to the low pressure region Pl so that the working
fluid supplied through the second variable orifice Kcr con-
trols the pressure of the pilot chamber 95.

[0043] In addition, a second ring disk 86, which is in-
serted into the spool rod 80 to function as a main valve
Km, is arranged in an upper portion of the lower retainer
84, and the second ring disk 86 partitions the pilot cham-
ber 95 from a high pressure region Ph.

[0044] Here, the second ring disk 86 is integrally
formed, and preferably comprises a membrane having a
disk shape.

[0045] Thus, the pressure of the pilot chamber 95 is
controlled by means of the first ring disk 82, the second
ring disk 86 that is the main valve Km is controlled to
open or close according to the pressure of the high pres-
sure region Ph and initial preload, and the working fluid
is allowed to directly flow from the high pressure region
Ph to the low pressure region PI.

[0046] In addition, a plurality of slits 86a are formed in
the inner circumference of the second ring disk 86, and
the first fixed orifice Kr for discharging the fluid introduced
from the high pressure region Ph is formed therein.
[0047] Meanwhile, the fluid introduced into the first
fixed orifice Kr of the second ring disk 86 is introduced
into the first variable orifice Kvr or the second variable
orifice Kcr that is formed by means of the spool 85 actu-
ated by the actuator 75 and the communication ports 81
a, 81b and 81c of the spool rod 80. At this time, the cross
sectional area of the second variable orifice Kcr is de-
creased as that of the first variable orifice Kvr is in-
creased, while the cross sectional area of the second
variable orifice Kcris increased as that of the first variable
orifice Kvr is decreased.

[0048] Also, a nut 87 is coupled to the spool rod 80,
thereby joining the lower retainer 84 and an upper retain-
er 88.

[0049] In addition, the upper retainer 88 formed with a
communication port 88a allowing fluid flow is coupled to
the spool rod 80, thus fixing the second ring disk 86. The
upper retainer 88 has a bypass channel 89, which is
formed to allow the interior of the hollow spool rod 80 to
communicate with the low pressure region PI.

[0050] Meanwhile, the spool 85 has a hollow portion
formed therein, and its one side (an upper side in the
figure) is open. In addition, the spool 85 is formed with a
first safe orifice 91, Fg4, which communicates with the
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hollow portion of the spool 85 and an upper one side of
the upper spool slit 85a, and a second safe orifice 92,
Fs,, which communicates with the hollow portion and the
lower spool slit 85b. As mentioned above, the channel
defined by the first safe orifice 91, Fg4, the hollow portion
and the second safe orifice 92, Fg,, forms a back pres-
sure forming channel and controls the pressure of the
pilot chamber 95.

[0051] As described above, the pilot chamber 95 is
changed in inner pressure as the open areas of the first
variable orifice Kvr and the second variable orifice Kcr
are changed by the spool 85 that is operated by the ac-
tuator 75, thereby forming a back pressure against the
secondring disk 86 atthe rear thereof. Thus, the pressure
change in the pilot chamber 95, i.e., the back pressure
change against the second ring disk 86, or the main valve
Km, makes the second ring disk 86 control a drag force
against the fluid passing through the first variable orifice
Kvr, thereby providing a controlled damping force to the
shock absorber 50.

[0052] The operation of the damping force control
valve configured as mentioned above will be described
below.

[0053] First, when a relatively low current (e.g., 0.6A)
is applied to the actuator 75, as shown in FIG. 4, the
operating rod of the actuator 75 slightly moves the spool
85 forward or backward and makes the first fixed orifice
Kr and the first variable orifice Kvr communicate with
each other. At this time, most of the fluid introduced from
the high pressure region Ph is introduced into the spool
slit 85a of the spool rod 80 through the first fixed orifice
Kr, the communication port and the first variable orifice
Kvr, and then discharged to the low pressure region Pl
through the bypass channel 89.

[0054] In addition, a portion of the fluid introduced to
the upper spool slit 85a is supplied to the low spool slit
85b through the back pressure forming channel that con-
nects the first safe orifice 91, Fg4, and the second safe
orifice 92, Fg,. Also, the portion of the fluid supplied to
the low spool slit 85b is introduced into the pilot chamber
95 to increase its inner pressure, thereby controlling an
opening/closing pressure of the second ring disk 86. In
addition, the other portion of the fluid introduced through
the low spool slit 85b is discharged to the low pressure
region Pl through the second fixed orifice Kc.

[0055] During the above process, most of the fluid is
discharged through the bypass channel 89, whereby a
damping force characteristic is controlled to be in a soft
mode.

[0056] Meanwhile, if a relatively high current (e.g.,
1.6A) is applied to the actuator 75, as shown in FIG. 5,
the operating rod of the actuator 75 moves the spool 85
forward, so that the first variable orifice Kvr is closed and
the first fixed orifice Kr and the second variable orifice
Kcr communicate with each other.

[0057] Atthistime, aportion of the fluid introduced from
the high pressure region Ph opens the second ring disk
86 and is discharged to the low pressure region Pl, and
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the other portion of the fluid is supplied to the low spool
slit 85b of the spool rod 80 through the first fixed orifice
Kr, the communication port and the second variable or-
ifice Kcr. In addition, a portion the other partial fluid in-
troduced through the low spool slit 85b is introduced to
the pilot chamber 95 to increase an opening/closing pres-
sure of the second ring disk 86, thereby controlling an
opening/closing pressure of the second ring disk 86. Al-
so, the remainder of the other partial fluid introduced
through the low spool slit 85b is discharged to the low
pressure region Pl through the second fixed orifice Kc
formed in the first ring disk 82.

[0058] Thus, the fluid introduced from the high pres-
sure region Ph is directly discharged to the low pressure
region Pl through the main valve Kmincluding the second
ring disk 86 and the second fixed orifice Kc, and during
this process, the damping force characteristic is control-
led to be in a hard mode.

[0059] Inthe meantime, FIG. 6 shows a case where a
power supplied to the actuator 75 is abruptly intercepted
or malfunctions, at which the spool 85 is completely
moved backward to close the first variable orifice Kvr and
the second variable orifice Kcr.

[0060] Atthistime,a portion of the fluid introduced from
the high pressure region Ph opens the second ring disk
86 and is discharged to the low pressure region PI, and
the other portion of the fluid is supplied to the upper spool
slit 85a through the first fixed orifice Kr and the commu-
nication port 81b. In addition, the other portion of the fluid
is supplied to the hollow portion of the spool 85 through
the first safe orifice 91, Fg,, formed in the spool 85, and
then supplied to the low spool slit 85b through the second
safe orifice 92, Fg¢,. Also, the fluid in the low spool slit
85b is partially introduced into the pilot chamber 95
through the communication port81 atoincrease an open-
ing/closing pressure of the second ring disk 86, thereby
controlling the pressure of the main valve Km. In addition,
the remainder of the fluid introduced through the low
spool slit 85b is discharged to the low pressure region Pl
through the second fixed orifice Kc formed in the first ring
disk 82.

[0061] Thus, the fluid introduced from the high pres-
sure region Ph is directly discharged to the main valve
Km including the second ring disk 86, and increases the
pressure of the pilot chamber 95 in the process of dis-
charging the fluid to the low pressure region Pl by the
back pressure formation channel, so that the damping
force characteristic is controlled to be in a middle mode.
[0062] FIG. 8 is a schematic hydraulic circuit diagram
showing a channel in the damping force control valve
according to the present invention. Referring the figure,
the operation of the damping force control valve so con-
figured according to the present invention will be ex-
plained below.

[0063] The damping force control valve 70 according
to the present invention includes three channels, as
shown in FIG. 8, so that different damping force charac-
teristics are shown by means of the fluid passing through
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each channel. At this time, the three channels formed in
the damping force control valve 70 include a first channel
Qm having the main valve Km, a second channel Qr hav-
ing the first fixed orifice Kr, the first variable orifice Kvr
and the back pressure forming channel that connects the
first fixed orifice Kr to a position between the second var-
iable orifice Kcr and the second fixed orifice Kc, and a
third channel Qv having the first fixed orifice Kr, the sec-
ond variable orifice Kcr and the second fixed orifice Kc.
[0064] The first channel Qm is opened or closed by
the main valve Km, and the main valve Km is controlled
to open or close according to the pressure of the pilot
chamber 95 and the initial preload, which is formed by
the operating pressure of the high pressure region Ph,
the spring 83 and the like.

[0065] In addition, the fluid introduced from the high
pressure region Ph is supplied through the first fixed or-
ifice Kr, and supplied to the second channel Qr or the
third channel Qv defined when the spool 85 moves for-
ward or backward.

[0066] The second channel Qrfurtherincludes the first
fixed orifice Kr communicating with the high pressure re-
gion Ph, and the first variable orifice Kvr making the first
fixed orifice and the low pressure region Pl communicate
with each other. The fluid supplied through the first fixed
orifice Kr is introduced into the first variable orifice Kvr
andthendischargedtothe low pressure region Plthrough
the bypass channel 89.

[0067] Meanwhile, the back pressure forming channel
formed in the second channel Qr is connected to a posi-
tion between the first fixed orifice Kr and the first variable
orifice Kvr and a position between the second variable
orifice and the second fixed orifice Kc of the third channel
Qv, thereby supplying a portion of fluid to the pilot cham-
ber 95. Thus, the pressure of the pilot chamber 95 is
increased, and the damping force characteristic is con-
trolled to be in a middle mode.

[0068] In the meantime, the third channel Qv has the
second variable orifice Kcr making the first fixed orifice
Kr and the pilot chamber 95 communicate with each oth-
er, and the second fixed orifice Kc making the pilot cham-
ber 95 and the low pressure region Pl communicate with
each other. Also, the third channel Qvcommunicates with
the low pressure region Pl when the first fixed orifice Kr,
the second variable orifice Kcr and the second fixed or-
ifice Kc are opened, and a portion of the fluid supplied to
the third channel Qv is supplied to the pilot chamber 95
to control the opening/closing of the main valve Km. At
this time, in case a lot of fluid is supplied through the
second variable orifice Kcr, if the amount of fluid supplied
to the pilot chamber 95 is increased, the pressure of the
main valve Km is increased to reduce an amount of fluid
passing through the first channel Qm. Meanwhile, in a
case where an amount of fluid supplied through the sec-
ond variable orifice Ker is small, if the amount of fluid
supplied to the pilot chamber 95 is reduced, the pressure
of the main valve Km is decreased to increase an amount
of fluid passing through the first channel Qm.
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[0069] Thus, the first fixed orifice Kr is installed at the
inlet of the second variable orifice Ker and the first vari-
able orifice Kvr to primarily control an amount of fluid
supplied to the second channel Qr and the third channel
Qc.

[0070] In a case where the damping force character-
istic formed in such a structure is a soft mode, the area
of the first variable orifice Kvr is increased to lower a low-
speed damping force, and at the same time, the channel
of the second variable orifice Kcr is closed to lower the
pressure of the pilot chamber 45, thereby making the
main valve Km be opened at a low pressure.

[0071] In addition, when the damping force character-
istic is a hard mode, the first variable orifice Kvr is closed
and the second variable orifice Kcr is opened contrary to
the soft mode, thereby increasing the opening pressure
of the main valve Km and thus increasing a damping
force.

[0072] Meanwhile, when an emergency state where a
currentis not supplied to the actuator 75, the first variable
orifice Kvr and the second variable orifice Kcr are closed
and the back pressure forming channel connected to the
pilot chamber 95 is open, thereby increasing a damping
force at a predetermined level. Accordingly, the damping
force control valve has a damping force characteristic in
a middle mode when no current is supplied.

[0073] Thus, even when the damping force control
valve 70 of the shock absorber 50 gets out of order, the
damping force characteristic is kept in the middle mode
even though a steering wheel is excessively turned, so
that it is possible to prevent deterioration of handling sta-
bility when the shock absorber 50 is operated only with
the soft damping force.

[0074] According to the damping force control valve
and the shock absorber using the same configured as
mentioned above according to the present invention, the
back pressure forming path in the pilot chamber is vari-
ously changed, and thus a damping force can be main-
tained so that the handling stability of a vehicle can be
secured even though the shock absorber is out of order
or malfunction due to an electric or mechanical problem
of the actuator.

[0075] Although the damping force control valve and
the shock absorber using the same according to the
present invention have been described with the accom-
panying drawings, the present invention is not limited to
the embodiment and drawings. It will be apparent that
those skilled in the art can make various modifications
and changes thereto within the scope of the invention
defined by the claims.

Claims

1. A damping force control valve, which includes a high
pressure region in communication with a tension
chamber of a cylinder and a low pressure region in
communication with a reservoir chamber, and con-
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trols a damping force by adjusting pressure of a pilot
chamber by first and second variable orifices, the
first and second variable orifices having channels
controlled to open or close by a spool, the damping
force control valve comprising:

a main valve opened or closed according to
pressure of the high pressure region, initial
preload and pressure of the pilot chamber, the
main valve allowing working fluid to flow from
the high pressure region to the low pressure re-
gion when being opened;

afirstfixed orifice formed between the high pres-
sure region and the first variable orifice; and

a back pressure forming channel for making the
first fixed orifice and the pilot chamber commu-
nicate with each other and controlling the pres-
sure of the pilot chamber when the spool closes
a channel connecting the high pressure region
and the pilot chamber.

The damping force control valve as claimed in claim
1, wherein the back pressure forming channel in-
cludes a first safe orifice formed in the spool and
connected to the first fixed orifice, and a second safe
orifice connected to the pilot chamber.

The damping force control valve as claimed in claim
1 or 2, wherein the back pressure forming channel
is open when a current supplied to an actuator for
operating the spool is intercepted, thereby generat-
ing a middle damping force in the pilot chamber.

A shock absorber, to which the damping force control
valve according to claim 1 or 2 is installed to control
a damping force.
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[Fig. 3]
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[Fig. 7]
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